Eucaryotic tRNA genes are transcribed by RNA polymerase III (Pol III) (for a review, see reference 2). The recognition elements that specify transcription of tRNA genes have been shown to reside within the structural gene, although it has been shown that sequences upstream and downstream of the gene can play a role (4, 5, 15, 25) . There are two internal control regions (ICRs) of highly conserved primary sequence which define the intragenic promoter of tRNA genes (3, 8, 10, 24) : the 5' ICR, or A-block, which maps to the dihydrouridine loop, and the 3' ICR, or B-block, which maps to the TqCG loop. It would seem to follow that all of the tRNA genes should be transcribed as monocistronic transcripts since all tRNA genes contain these conserved sequences. This is generally the case. In Saccharomyces cerevisiae, for example, there are about 350 tRNA genes, and very few of these are clustered (9) . There are, however, several sets of tRNAArg_tRNAAsP pairs in S.
cerevisiae (22) , and in Schizosaccharomyces pombe there is a tRNAser-tRNAMet pair (17) . In both cases, the two tRNAs are transcribed together to give a dimeric tRNA precursor. Thus, only one of the tRNA genes is normally recognized by the transcription apparatus, and this gene serves as the promoter for the other. To determine which of the genes serves as promoter, we carried out a transcriptional study of the tRNAArg-tRNAAsP pair using an in vitro system derived from a nuclear extract of S. cerevisiae (6, C. S. Parker and J. Topol, unpublished data). We found that linear DNA fragments resulting from restriction endonuclease digestion of the plasmid DNA carrying the tRNAArg-tRNAASP genes are excellent templates for RNA synthesis. When restriction sites in the downstream tRNAAsP gene are cleaved, the intact tRNAArg gene is transcribed, but when the tRNAArg gene is cleaved, there is no transcription of the intact tRNAAsP gene (12) . This experiment showed that the tRNAArg gene serves as the promoter for the production of the dimeric transcript and further that even when the tRNAArg gene is inactivated by cleavage, the tRNAAsP gene is incapable of promoting its own transcription.
The question remains: why does the tRNAASP gene fail to direct its own transcription? We considered three possibilities. (i) The tRNAAsP ICR sequences are intrinsically weak promoter sequences. This hypothesis seems invalidated by the fact that not all tRNAASP genes are found as tRNAArg_ tRNAASP pairs. In fact, a monomeric tRNAASP gene has been isolated which has a sequence identical to that found in the tRNAArg-tRNAASP gene tandem (7) . Nonetheless, this hypothesis seemed worth testing since it had not been proved that the isolated tRNAASP gene is transcriptionally active in vivo.
(ii) The binding of a transcription factor to the upstream tRNAArg gene physically prevents recognition and binding of the transcriptional apparatus to the downstream tRNAASP gene. It is known that a transcription factor binds specifically and tightly to sequences in the B-block (13) . This factor interacts strongly with about 20 base pairs (bp) in the B-block and less tightly to sequences upstream of that. It seems possible that binding of this factor to the upstream tRNAArg gene could sterically prevent initiation of transcription of the tRNAASP gene 10 to 15 bp downstream from the binding domain.
(iii) The sequences in the 10-bp intergenic spacer or in the tRNAArg gene or both may be inhibitory. It is known that certain 5'-flanking sequences to tRNA genes can inhibit transcription (4, 5) , although the mechanism of inhibition is not clear.
We used the technique of oligonucleotide-directed mutagenesis (29) We have previously characterized the transcription and processing products of the tRNAArg-tRNAAsP gene system in some detail (6) . The largest product, band A, is the de novo transcript consisting of a 5' leader, tRNA , the 10-bp intergenic spacer, tRNAASP, and a variable number of 3 (20) . Previously, it had been shown that an equivalent change in the tRNA Yr SUP4 gene results in loss of suppression in vivo and of template activity in vitro (14) . The decrease in template activity is correlated with a complete loss of transcription factor binding to the 3' ICR of the tRNALeu gene as judged by the footprinting assay. We therefore decided to construct a C-56 to G mutation in the tRNAArg 3' ICR to test the possibility that this change would unmask the tRNAASP promoter (mutant designated M13C56G). The mutation was constructed by oligonucleotide-directed mutagenesis (29) . The C-56 to G change destroys a TaqI restriction site, and this could readily be seen in restriction digests of the RF DNA (data not shown). In addition to this evidence, the C-56 to G change was confirmed by dideoxy sequencing with a synthetic oligonucleotide primer specific for the 3'-flanking region of the tRNAASP VOL. 6, 1986 gene. The sequences of all mutations described below were confirmed by the same procedure. When M13C56G RF DNA was used as the template in the nuclear extract, it was found that the C-56 to G mutation results in decrease in template efficiency of about 20-fold when compared with that of M13ArgAsp (Fig. 2, lane 2) . This is similar to the effect of the same mutation in the tRNALeu gene. To exclude the possibility that there is an inhibitory substance in the M13C56G reaction mixture, DNA mixing experiments were performed in which an equal amount of pYSUP6 DNA containing the tRNATyr SUP6 gene (which contains a 14-bp intron) was added to the reaction mixture. Transcription of this DNA produced unspliced products which were distinct in size from the mature tRNAArg-tRNAAsP transcripts (Fig. 2, lane 14) . This control was performed with each of the mutants, and in no case was the transcription of the pYSUP6 gene inhibited (Fig. 2, lanes 8 to 13) . The (Fig. 2, lane 4) . This was confirmed by elution of the tRNA product from the gel, digestion with T1 RNase, and separation and characterization of the digestion products by two-dimensional thin-layer chromatography (26) (data not shown). A precursor band was also seen in the M13AArgAspacer transcription, and although we did not characterize this product further, its size, about 10 bases larger than tRNAAsP, is consistent with the notion that the start site used for wild-type dimer transcription is also utilized for the transcription of the tRNAAsP monomeric gene. We conclude from this experiment that the tRNAASP promoter is, as expected, transcriptionally competent. Its activity, however, is masked when it is preceded by the 10-bp spacer sequence. (Fig. 2, lane 6) . Thus, the negative effect of the spacer can be overcome by introduction of A residues 8 bp upstream from the 5' end of the tRNAASP gene.
The precursor for M13A3AArg transcription was visible upon overexposure of the gel (5 days at -70°C) and was about 8 to 10 bp larger than the mature product (tRNAAsP) as judged by their relative electrophoretic mobilities (Fig. 4) intergenic spacer of the wild-type gene tandem (mutant designated A3Asp) and into the C-56 to G mutant (designated A3C56G). Transcription of the wild-type gene was not affected by this alteration of the spacer sequence (Fig. 2,  lane 5) . Since the spacer sequence inhibited transcription of tRNAAsP in the AArg construct, it is possible that it is the spacer which inhibits the transcription of tRNAASP in the C56G construct. If so, introduction of A3 into the intergenic spacer of C56G should activate tRNAAsP transcription. This, however, was not the case (Fig. 2, lane 7) . Apparently, the inhibition of the tRNAAsP gene promoters in the tandem construct is complex.
The results of this study are summarized in Fig. 5 . Independent transcription of the tRNAASP gene was achieved by precise deletion of the tRNAArS gene together with the 10-bp spacer. Deletion of the tRNAArg gene sequence by itself was not sufficient to activate transcription of the tRNAASP gene, suggesting an inhibitory effect of the spacer sequence. This inhibition was partially overcome by the introduction of three A residues at the 5' edge of the intergenic spacer. The failure, however, of this sequence to activate transcription of tRNAAsP in the tRNAArg C-56 to G mutant suggests that the tRNAArg sequences, as well as the spacer region, inhibit the utilization of the tRNAAsP gene promoters in the tandem by Pol III. Therefore, it must be the sequence of the tRNAArg gene together with the spacer sequence which suppresses an otherwise competent tRNAAsP intragenic promoter.
